SUMMARY: Lymphatic filariasis is the second leading cause of long-term disability in the world. In India, filariasis is endemic in 250 districts in 20 states and union territories with about 553 million people at risk of infection. Temephos is being used as a larvicide to control the population of Culex quinquefasciatus mosquito, the vector of bancroftian filariasis. The susceptibility status of Cx. quinquefasciatus to temephos in various urban zones of Delhi and the national capital region (NCR) was evaluated using the WHO standard susceptibility test kit. Results of the test revealed that the larval mortality in urban zones ranged from 2.8 to 56.5z, while that in rural zones ranged from 45.0 to 71.0z. Among the urban zones, the lowest larval mortality was recorded from Karol Bagh zone (2.8z) and highest mortality was recorded from Shahdara South zone (56.5z). In the NCR, the larvae were collected from the areas surrounding Delhi, and the larval mortality ranged from 75.0 to 87.5z. The present study indicates the possible development of resistance against temephos in the larvae of Cx. quinquefasciatus mosquitoes in some urban areas.
Lymphatic filariasis is the second leading cause of permanent and long-term disability in the world. Approximately 170 million people in the tropical and subtropical areas of South East Asia, South America, Africa, and the Islands of the Pacific Ocean are affected by this debilitating parasitic disease (1) . In India, filariasis is endemic in 250 districts in 20 states and union territories, with about 553 million people at risk of infection. The Government of India has accorded a high priority for elimination of this infection through a mass chemotherapy program (2) . Temephos is being used as a larvicide in various regions of the world, including India, to control the population of Culex quinquefasciatus mosquito, the vector of bancroftian filariasis. The mosquito vectors are gaining resistance against the chemical insecticides owing to their injudicious use in both the public health and agriculture sectors (3) . There are several reports that the larvae of Cx. quinquefasciatus mosquito have developed resistance against temephos worldwide (4) (5) (6) (7) (8) (9) . Chemical control is the main method of vector control adopted in urban areas to keep the mosquito population within the acceptable level. In Delhi, temephos-50z emulsifiable concentrate (EC) (active ingredient [AI], 50.0z), manufactured by the Cyanamid India Ltd. (Mumbai, India), is being used as a larvicide under the Urban Malaria Scheme (UMS). The present study was carried out to asses the current susceptibility status of larvae of Cx. quinquefasciatus against temephos in various zones of Delhi and the national capital region (NCR).
The NCR of Delhi is divided into 14 zones, out of which 12 are urban and 2 are rural zones (Narela and Najafgarh). The larvae of Cx. quinquefasciatus mosquito were collected from different localities of 14 zones. Delhi is surrounded by 2 states, Uttar Pradesh and Haryana, where mosquito larvae were also collected from different localities of the NCR. Larvae were collected from bodies of stagnant water that had formed because of faulty drainage systems or pooled rain water.
Mosquito larvae collected from different breeding sites were transported to the laboratory for identification of the species. The larvae of Cx. quinquefasciatus were selected from the samples, washed with tap water to remove debris, and kept for observation for a period of 2 h to weed out the dead and moribund larvae. Late third or early fourth instar larvae of Cx. quinquefasciatus were used for the insecticide susceptibility tests. The healthy larvae were then exposed to diagnostic concentration of temephos (0.02 mg [AI]/L) for laboratory bioassay. Tests were performed by placing 20 larvae in a 500-mL capacity beaker containing 249 mL of water with 1 mL of the diagnostic concentration of temephos under laboratory conditions at an ambient temperature of 28 ± 19 C and 70-80z relative humidity as per the World Health Organization (WHO) susceptibility test kit method (10) . For each locality, 3 replicates and 1 control test were performed. Each test was repeated, and the mortality count was made after 24 h of exposure. The samples showing more than 20z mortality in the control group were discarded and tests were repeated. If the control mortality ranged between 5-20z, the corrected mortality was calculated using Abbott's formula (11) . The susceptibility status considered as``resistant'' when mortality rate recorded was less than 80z and as``tolerant'' when the mortality rate was 80-98z.
Results of the susceptibility tests carried out using the larvae collected from Delhi areas against temephos revealed that the mean corrected larval mortality in urban zones ranged from 2.8-56.5z, while that in the rural zones ranged from 45.0-71.0z (Table 1) . Among the urban zones, the lowest larval mortality was recorded from Karol Bagh zone (2.8z) and highest mortality was recorded from Shahdara South zone (56.5z). Larval mortality of º10z was recorded from Karol Bagh (2.8z) and New Delhi municipal corporation (9.7z). Larval mortality of À50z was recorded from Shahdara South zone (56.5z), which is an urban zone, and Narela (71.0z), which is a rural zone.
Result of the larval susceptibility tests in the different localities of NCR area is given in Table 2 . In NCR area, the larvae were collected from Haryana and Uttar Pradesh. From Haryana, the collections were made from the districts of Sonipat, Faridabad, and Gurgaon, which border Delhi on the north, south, and west sides and the larval mortality recorded were ranged from 75.0-87.5z (Table 2) . In Uttar Pradesh, the larval tests were carried out using the larvae collected from Loni and Ghaziabad districts, which border Delhi on the east side and the larval mortality ranged from 80.0-85.8z. The susceptibility tests carried out with the larvae collected from different localities of both urban and rural zones of Delhi revealed the possible development of resistance against temephos because the mean mortality ranged from 2.8-56.5z. However, the mosquito larvae collected from the NCR area is tolerant to temephos as (12) reported that the larvae of Cx. quinquefasciatus were susceptible to temephos. However, the few studies carried out in 2004 revealed that the larvae of Cx. quinquefasciatus were already developing resistance to temephos (13) . In addition, studies on the effectiveness of the organophosphate fenthion against the same species of mosquito reported the potential development of resistance in and around Delhi as early as 1976 (14) .
Several reports show that the larvae of Cx. quinquefasciatus have developed resistance against temephos in different parts of the country. Krishna Rao et al. reported the development of resistance in Cx. quinquefasciatus larvae from Rajahmundry town (Andhra Pradesh, India) in 1986 (6). Limited field trials were also carried out in the same area using temephos-50z EC, showing that even a 4-fold increase in the dosage of temephos could not yield the desired mortality in Cx. quinquefasciatus larvae (15) . In Africa, the larvae of Cx. quinquefasciatus have developed resistance against temephos even with a 3-to 6-fold increase in insecticide dosage (5) . The present study indicates the possible development of resistance against temephos in the larvae of Cx. quinquefasciatus in the urban areas. This may be because of continuous use of temephos for over 2 decades as part of the UMS. Under UMS, these areas were sprayed with temephos-50z EC on a weekly basis at the dosage of 2.5 mL mixed with 10 L of water, and 1 L of this mixture was sprayed over 50 m of water surface. However, in the NCR area, the larvicidal spraying is not regular because this area is not covered under the UMS. The development of resistance may also be because of spraying of under a dose of temephos in stagnant water over period of time, coupled with the constant use of related organophosphate compounds in the agricultural sector in and around Delhi. Such development of resistance warrants a detailed evaluation of the efficacy of temephos against the larvae of Cx. quinquefasciatus. Such a study may help in reformulating control strategies, including rescheduling application of insecticide, or replacing the larvicide with other suitable compounds under the program.
